-INTRODUCTION
The r o l e of copper a s a n e m b r i t t l i n g element i n s t e e l i s one of i n c r e a s i n g concern, i n p a r t i c u l a r t h e enhanced r a d i a t i o n induced embrittlement a t around 290°C observed with l e v e l s as low a s 0.4wt.XCu [l] . The hardening d e f e c t s i n t h e s e a l l o y s have been s t u d i e d by TEM and neutron s c a t t e r i n g techniques [2, 3] .
Current t h e o r i e s suggest t h a t t h e s e a r e e i t h e r microvoids, formed by t h e i r r a d i a t i o n process and s t a b i l i s e d by copper, o r copper p r e c i p i t a t e s , formed a t t h e s e temperatures by enhanced d i f f u s i o n due t o t h e presence of i r r a d i a t i o n induced vacancies.
Extensive atom probe a n a l y s i s of u n i r r a d i a t e d Fe-Cu a l l o y s was undertaken some y e a r s ago by Goodman and Brenner [ 4 ] , and r e c e n t l y , s m a l l copper r i c h regions have been d e t e c t e d i n i r r a d i a t e d s t e e l s by Brenner e t a l . [5] .
However, apparently spurious atom probe d e t e c t i o n e f f i c i e n c i e s f o r copper i n Cu-Ni-Fe a l l o y s have been reported [6] , and i t has become c l e a r t h a t c a r e must be taken i n o r d e r t o o b t a i n q u a n t i t a t i v e atom probe analyses from a wide range of m a t e r i a l s [7, 8] .
W e have t h e r e f o r e i n v e s t i g a t e d i n d e t a i l t h e experimental c o n d i t i o n s which a r e necessary t o o b t a i n a c c u r a t e a n a l y s e s f o r copper i n s t e e l s , using a n Fe-Cu binary a l l o y a s a r e f e r e n c e m a t e r i a l .
With t h i s information we have then examined t h e f i n e s c a l e d i s t r i b u t i o n of copper i n weld regions of u n i r r a d i a t e d low a l l o y s t e e l s .
A g r a i n boundary r e g i o n i n a n aged Fe-Cu a l l o y specimen has a l s o been examined.
-MATERIALS AND EXPERIMENTAL CONDITIONS
For t h e i n i t i a l c a l i b r a t i o n study, a binary Fe-0.6at.%Cu a l l o y was used i n t h e form of 0.13mm diameter wire, which was s e a l e d under vacuum, s o l u t i o n t r e a t e d a t 850°c f o r 18hr and quenched i n water.
For t h e examination of u n i r r a d i a t e d weldments, A533B type s t e e l s were used, with 'high' copper l e v e l s , and 'high' and 'low' n i c k e l l e v e l s i n o r d e r t o i n v e s t i g a t e t h e e f f e c t of n i c k e l i n enhancing the' copper embrittlement.
As p a r t of a l a r g e r r e s e a r c h programme t h e f u l l d e t a i l s of t h e post weld h e a t treatment a r e given i n [13] .
B r i e f l y , t h i s involved a s t r e s s r e l i e f treatment i n t h e range 600-650°C.
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Experiments were c a r r i e d out using t h e Oxford FIMlOO atom probe. The analyses were performed w i t h a system p r e s s u r e of 10-limb o r less, u n l e s s otherwise s t a t e d . I n a
high r e s o l u t i o n atom probe t h e r e i s a r i s k of some i o n s being l o s t , due t o t h e p i l e up of two o r more i d e n t i c a l i o n s a t t h e d e t e c t o r .
To minimise t h i s e f f e c t t h e evaporation r a t e was g e n e r a l l y kept below 0.02 i o n s per pulse, and t h e d a t a subsequently c o r r e c t e d a s explained i n [9] . E r r o r s , where i n d i c a t e d , r e p r e s e n t one s t a n d a r d deviation.
I n o r d e r t o minimise t h e e r r o r range compositions were u s u a l l y obtained from d a t a blocks of 10,000 i o n s o r more.
-CALIBRATION EXPERIMENTS
The main r e s u l t s a r e summarised i n f i g . 1 and Table 1 .
Pulse F r a c t i o n and Temperature e f f e c t s . At a specimen temperature of 96K i t was n o t p o s s i b l e t o o b t a i n t h e c o r r e c t copper c o n c e n t r a t i o n a t any p u l s e f r a c t i o n up t o 25%.
I n o r d e r t o o b t a i n a v a l i d composition a t around 15% p u l s e f r a c t i o n i t was necessary t o cool t h e specimen t o 50K, fig.1 . ( i i ) C r y s t a l l o g r a p h i c Pole. Analysis c l o s e t o a (110) pole was compared w i t h r e s u l t s from a r e a s a d j a c e n t t o (111) and (100).
There appears t o b e some v a r i a t i o n i n copper l e v e l s , p o s s i b l y due t o a v a r i a t i o n i n i o n t r a j e c t o r i e s from t h e s e regions. ( i i i ) Laser Pulses. Due t o t h e b r i t t l e n a t u r e of some of t h e m a t e r i a l s t o be i n v e s t i g a t e d , t h e use of a pulsed l a s e r system (PLAP) with i t s lower maximum f i e l d s t r e s s would seem b e n e f i c i a l .
A J K L a s e r s Nd:YAG system was used i n t h e frequency doubled mode ()I=532nm).
This generated 5ns, 20Hz p u l s e s of < l m J i n t o an unfocussed, approximately lmm2 beam.
DC v o l t a g e and l a s e r focus conditions a t t h e t i p were such t h a t t h e evaporation r a t e s obtained using t h e l a s e r p u l s e s were approximately t h e same a s those obtained using v o l t a g e p u l s e s a t a 15% p u l s e f r a c t i o n .
It was n o t p o s s i b l e a t e i t h e r specimen temperature t o o b t a i n t h e c o r r e c t value f o r t h e copper concentration, t h e apparent values always being t o o low.
There i s need f o r f u r t h e r work i n t h i s area. ( i v ) Pulse Frequency. The l a s e r analyses were obtained a t a p u l s e r e p e t i t i o n r a t e of 20H2, whereas v o l t a g e pulsing was normally c a r r i e d o u t a t 50Hz. This was eliminated as being t h e cause of t h e PLAP anomaly by i n v e s t i g a t i n g t h e e f f e c t of t h e v o l t a g e p u l s e frequency a t 50K. The r e s u l t s showed some v a r i a t i o n but no d e f i n i t e trend could be e s t a b l i s h e d . (v) Presence of Image Gas.
It i s advantageous when analysing multiphase m a t e r i a l s t o observe t h e image a s d a t a i s c o l l e c t e d .

This allows f e a t u r e s uncovered by f i e l d evaporation t o be l i n e d up with t h e probe h o l e and allows a q u a n t i t a t i v e depth s c a l e t o be calculated. R e s u l t s obtained i n t h e presence of 2.0~10-~mb of neon d i d not vary s i g n i f i c a n t l y from t h o s e obtained under normal o p e r a t i n g pressures.
-INTEKPRETATION OF CALIBRATION RESULTS
These r e s u l t s i n d i c a t e t h a t t h e Pulse F r a c t i o n and Temperature a r e t h e major f a c t o r s i n f l u e n c i n g t h e atom probe analyses. The s i m p l e s t image hump theory of f i e l d evaporation, a s extended t o d i l u t e a l l o y s by Brandon [ l o ] has been used, by
Herschitz and Seidman, 'in a s i m i l a r i n v e s t i g a t i o n [8] . (Table 2) . These v a l u e s a r e c o n s i s t e n t with t h e observed p u l s e f r a c t i o n e f f e c t , namely t h e p r e f e r e n t i a l f i e l d evaporation of copper a t t h e a p p l i e d d.c. f i e l d , between pulses, i f t h e p u l s e f r a c t i o n i s too s m a l l . The observed temperature dependence of field evaporation can be explained qualitatively as a combination of two effects: i) the increased dependence of the evaporation rate, for each element, on the applied field as the temperature is decreased, and ii) the observed greater temperature dependence of the evaporation field for pure copper than for iron [12] . At higher temperatures therefore, a pulse fraction in excess of 25% would be needed to prevent the d.c. evaporation of copper.
Using t h e d a t a of Brandon [ l o ] and Tsong [ l l ] t h e evaporation f i e l d s of i r o n , and copper i n i r o n , can be c a l c u l a t e d and compared
6 -COPPER DISTRIBUTION STUDIES a) Weld Material. Previous STEM investigations of these specimens using a VG HB5 Field Emission STEM system, gave matrix copper and nickel levels lower than the nominal composition, with some variation between different areas [13] .
Atom probe analyses showed considerably greater specimen-to-specimen variation, both above and below the nominal level as shown in Table 3 . Although some copper precipitation was observed previously in the STEM, none was found during TEM inspection of field ion specimens, fig.2 , or in the atom probe experiments. To test for any departure from a random microdistribution of copper and nickel ions within a given specimen, the observed frequency distributions of these ions were compared with the appropriate binomial distributions and the 'goodness of fit' tested using a Chi squared test. A typical example is given in fig.3 .
Despite the limited number of copper and nickel ions it can be concluded that the distribution of these ions in individual specimens is random. Table 3 . Maximum and minimum specimen Cu and Ni concentrations (atomic%)
The observed variation between specimens is primarily a consequence of the welding process and subsequent heat treatments. As the weld is built up, in a series of multiple runs, the large temperature gradients and various cooling rates will produce, due to segregation, regions which are either supersaturated, or depleted, in copper or nickel. The solid solubility of copper in iron in the range 600-650°C is only 0.15-0.3wt.%, suggesting that precipitation should occur in copper rich regions during the post weld heat treatment. The observed presence of regions of composition greater than these could be due to the effect of nickel on the copper solubility. Specimens taken from different areas in the weldments would therefore be expected to show some variation.
These experiments were performed on the older Oxford atom probe. Ageing at 500°C for lOOhr produced small (approximately 4nm diameter) copper or copper rich precipitates in the Fe-0.6at.%Cu alloy, of the kind previously observed by Goodman and Brenner 141. Grain boundary analyses at approximately 50K, showed no observable copper segregation, fig.4 . This is in agreement with Miller and Brenner [14] , who found no detectable segregation of copper to boundaries in an irradiated steel (analysed at approximately 80K), and tends to confirm that the embrittling mechanism is not a grain boundary phenomenon. 
